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Abstract
N = 3 Weyl multiplet in four dimensions was first constructed in J van Muiden et al (2017) where the
authors used the current multiplet approach to obtain the linearized transformation rules and completed the
non-linear variations using the superconformal algebra. The multiplet of currents was obtained by a trun-
cation of the multiplet of currents for theN = 4 vector multiplet. While the procedure seems to be correct,
the result suffers from several inconsistencies. The inconsistencies are observed in the transformation rules
as well as the field dependent structure constants in the corresponding soft algebra. We take a different
approach, and compute the transformation rule as well as the corresponding soft algebra by demanding
consistency.
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1. Introduction
N extended conformal supergravity in four dimensions is a theory of gravity where the fields form a
representation of the su(2, 2|N) superconformal algebra. While the resulting theory is not physical, the
additional conformal symmetries can be gauge fixed by use of compensating multiplets to obtain matter
coupled Poincaré supergravity theories. Construction of multiplets in conformal supergravity as well as
their action, is facilitated by a set of procedures which are collectively termed as superconformal multiplet
calculus. It provides us a systematic method to construct matter couplings in Poincaré supergravity. In
particular, the use of off-shell multiplets enables the construction of general matter couplings, which has
been utilized to construct quadratic as well as higher derivative invariants in Poincaré supergravity, see e.g.
[1, 2, 3, 4, 5, 6, 7] .
A multiplet in conformal supergravity which contains all the gauge fields of the superconformal algebra
is known as the Weyl multiplet. It has been found that there can be more than one such Weyl multiplet,
in any given dimension (d ≤ 6), with different auxiliary field content [8, 9, 10, 11, 12, 13]. The Weyl
multiplet which consists of a real scalar field of Weyl weight +1 is said to be the dilaton Weyl multiplet,
and the other Weyl multiplet is known as the standard Weyl multiplet. To construct these multiplets, one
often takes recourse to the current multiplet method. The multiplet of currents for a rigid on-shell multiplet
is computed and it is then coupled to fields via a first order action to obtain the linearized transformation
rules. Non-linear transformation rules are then obtained by adding all possible terms to the transformation
rule consistent with their Weyl weight, chiral weight, Lorentz and R-symmetry structure and demanding
consistency with the superconformal algebra. In this process, to realize this as a theory of gravity where
local translations act as general coordinate transformations, one has to impose constrains on some of the
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conformal curvatureswhich renders the algebra to be a soft algebra i.e., the algebra is satisfied upto field de-
pendent gauge transformations. In four dimensions, this process has been used to derive the transformation
rule for the N = 2[14] andN = 4[1] Weyl multiplets as well as to determine their soft algebra.
However, in the case of N = 3 supersymmetry, it is known that any multiplet with particles of spin
less than 2, also admits a fourth supersymmetry. Thus if we begin with a two derivative action for a rigid
N = 3 vector multiplet, the resulting current multiplet will be equivalent to the N = 4 current multiplet
upto field redefinitions. In [15], this obstruction was overcome by performing a truncation of the N = 4
current multiplet to the N = 3 case. The truncated N = 3 current multiplet then gave the linearized
transformations for the N = 3 Weyl multiplet as well as the soft algebra on imposing the conventional
constraints.2
However, the results of [15] has several inconsistencies both at the linearized as well as the nonlinear
level for the transformation rule as well as the field dependent gauge transformation parameters of the soft
algebra.
In this letter, we compute the transformation rule of the N = 3 Weyl multiplet as well as the field
dependent gauge transformation parameters appearing in the soft algebra.
2. Corrected transformation rules and the algebra
We will first demonstrate, by an example, the inconsistencies found in the results of [15]. The field con-
tent of the N = 3 Weyl multiplet is given in Table-1, with appropriate Weyl weights, chiral weights3. Let
us consider linear terms in the transformation of the fields Tab j,Vµ j
i, Aµ, which contain ζ
i. To compute this
we will use the following transformations, where we have fixed the coefficients by chosing a normalization
for the fields eaµ, ψ
i
µ, Tab j and ΛL.
δeaµ =
1
2
ǫ¯iγ
aψiµ + h.c
δψiµ = Dµǫ
i −
1
4
εi jkγ · T jγµǫk − ε
i jk ǫ¯ jψµkΛL − γµη
i (1)
Let us write the possible terms in the variation of Tab j,Vµ j
i, Aµ linear in ζi with arbitrary coefficients.
δVµ j
i = α1ǫ¯
iγµζ j − h.c − trace
δAµ = iα2ǫ¯
iγµζi + h.c
δT iab = α3ε
i jk ǫ¯ jγabζk (2)
The coefficients α1, α2 and α3 can be determined from the Q − Q algebra on ψ
i
µ. Accordingly, we obtain
the relations α2 = −4
α1
3
and α3 =
α1
2
while α1 can be fixed for a normalization of ζ
i. On the R.H.S. of the
algebra we obtain,
[δQ(ǫ1), δ
Q(ǫ2)]ψ
i
µ = −α1(ǫ¯
i
1ǫ
j
2
− ǫ¯i2ǫ
j
1
)γµζ j
+
α1
4
γµ(ǫ¯
i
1γ
aǫ2 j − δ
i
jǫ¯
k
1γ
aǫ2k + h.c)γaζ
j (3)
2For earlier works on N = 3 supergravity using other approaches, see [16, 17, 18, 19]
3Field content for the N = 3 Weyl multiplet were first suggested in [20, 21]
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Table 1: Field content of the N = 3 Weyl multiplet
Field SU(3) Irreps Restrictions
Weyl weight
(w)
Chiral weight
(c)
eµ
a 1 Vielbein -1 0
Vµ
i
j 8
(Vµ
i
j)
∗ ≡ Vµi
j =
−Vµ
j
i SU(4)R gauge
field
0 0
Aµ 1 U(1)R gauge field 0 0
bµ 1 dilatation gauge field 0 0
T i
ab
3
Self-dual i.e
T i
ab
= 1
2
εabcdT
icd 1 -1
Ei 3¯ Complex 1 1
Di j 8 (D
i
j)
∗ ≡ Di
j = D ji 2 0
ψµ
i 3 γ5ψµ
i = ψµ
i -1/2 +1/2
χi j 6¯ γ5χi j = χi j 3/2 +1/2
ζ i 3 γ5ζ
i = ζ i 3/2 +1/2
ΛL 1 γ5ΛL = ΛL 1/2 +3/2
Which is a field dependent S -transformation δS (η
j
a)ψ
i
µ = −γµη
i with the parameter,
ηi1 = α1(ǫ¯
i
1ǫ
j
2
− ǫ¯i2ǫ
j
1
)ζ j
−
α1
4
(ǫ¯i1γ
aǫ2 j − δ
i
jǫ¯
k
1γ
aǫ2k + h.c)γaζ
j (4)
However, the results in [15] read δVµ j
i = 1
12
ǫ¯iγµζ j − h.c− trace, δAµ = −
i
9
ǫ¯iγµζi + h.c, δT
i
ab
= 1
12
εi jkǫ¯ jγabζk
and ηi
1
= 3
4
(ǫ¯i
1
ǫ
j
2
− ǫ¯i
2
ǫ
j
1
)ζ j +
3
2
(ǫ¯i
1
γaǫ2 j − δ
i
j
ǫ¯k
1
γaǫ2k + h.c)γaζ
j which is clearly not consistent with the
coefficients we obtain from the algebra. Thus, the inconsistencies already exist at the linearized level in the
transformation rule as well as the field dependent gauge transformation parameters appearing in the soft
algebra. As numerous such inconsistencies exist in the result, it calls for a reconstruction of the multiplet
to render it useful for future purposes.
We have performed such a reconstruction, as demonstrated in the example above, solely by demand-
ing consistency with the superconformal algebra while allowing field dependent gauge transformations to
appear on the right hand side of the soft algebra.
We have given the Q and S transformation of the fields below.
δeaµ =
1
2
ǫ¯iγ
aψiµ + h.c
δψiµ = Dµǫ
i −
1
4
εi jkγ · T jγµǫk − ε
i jkǫ¯ jψµkΛL − γµη
i
δVµ j
i = −ǫ¯iφµ j +
1
12
ǫ¯iγµζ j −
1
4
ε jklǫ¯
kγµχ
il +
1
4
ǫ¯iγ · T jγµΛR +
1
4
ǫ¯iγµΛRE j −
1
4
εkl jE
iǫ¯kψlµ
−
1
2
ǫ¯iγaψµ jΛ¯LγaΛR + ψ¯
i
µη j − h.c − trace
δAµ = −
i
6
ǫ¯iφµi −
i
9
ǫ¯iγµζi −
i
6
εklpE
p ǫ¯kψlµ −
i
3
ǫ¯iγ · TiγµΛR −
i
3
ǫ¯iγµΛREi +
2i
3
ǫ¯iγaψµiΛ¯LγaΛR
+
i
6
ψ¯iµηi + h.c
δbµ =
1
2
(ǫ¯iφµi − ψ¯
i
µηi) + h.c
3
δΛL = −
1
4
Eiǫ
i +
1
4
γ · Tiǫ
i
δEi = −ǫ¯i /DΛL −
1
2
εi jk ǫ¯
jζk +
1
2
ǫ¯ jχi j −
1
2
εi jkE
k ǫ¯ jΛL − 4Λ¯LΛLǫ¯iΛR − 2η¯iΛL
δT iab = −
1
4
ǫ¯i /DγabΛR −
1
2
εi jkǫ¯ jRab(Q)k +
1
8
ǫ¯ jγabχ
i j +
1
24
εi jk ǫ¯ jγabζk −
1
8
εi jkE jǫ¯kγabΛR
+
1
2
η¯iγabΛR
δχi j =
1
2
/DE(iǫ j) +
1
2
εkl(iγ · R(V) j)
lǫk −
1
2
γ · /DT(iǫ j) +
1
3
εkl(iD
l
j)ǫ
k
+
1
4
εkl(iE
kγ · T j)ǫ
l −
1
3
Λ¯Lγaǫ(iγ
aζ j) +
1
4
εlm(iE j)E
mǫl − Λ¯Lγ
aΛRγaE(iǫ j)
− Λ¯Lγ · T(iγ
aΛRγaǫ j) + γ · T(iη j) + E(iη j)
δζ i = −
3
4
εi jk /DE jǫk +
1
4
εi jkγ · /DTkǫ j +
1
4
γ · R(V) j
iǫ j + iγ · R(A)ǫi −
1
2
Di jǫ
j −
3
8
Eiγ · T jǫ
j
+
3
8
E jγ · T jǫ
i +
3
8
EiE jǫ
j +
1
8
E jE jǫ
i
− Λ¯L /DΛRǫ
i − Λ¯R /DΛLǫ
i −
3
4
Λ¯R /DγabΛLγ
abǫi −
3
4
Λ¯Lγab /DΛRγ
abǫi
+
1
2
εi jkΛ¯Lγ
aǫ jγaζk − 6Λ¯LΛLΛ¯RΛRǫ
i +
1
2
εi jkγ · T jηk −
3
2
εi jkE jηk
δDij = −
3
4
ǫ¯i /Dζ j −
3
4
ε jklǫ¯
k /Dχil +
1
4
ε jklǫ¯
iζkEl +
1
2
ε jklǫ¯
kζ lEi +
3
4
ǫ¯iχ jkE
k +
3
4
ǫ¯iγ · T j
↔
/DΛR
−
3
4
ǫ¯i /DΛRE j −
3
4
ǫ¯i /DE jΛR +
3
4
ε jklE
lǫ¯kΛLE
i + 3ε jklT
i · T lǫ¯kΛL − 2ǫ¯
iΛLΛ¯Rζ j − 3ǫ¯
iΛLΛ¯RΛRE j
+ 3ǫ¯iγ · T jΛLΛ¯RΛR + h.c − trace (5)
The supersymmetry algebra takes the following form:
[δQ(ǫ1), δ
Q(ǫ2)] = δ
cgct(ξµ) + δM(ǫab1 ) + δ
Q(ǫi3) + δ
S (ηi1) + δS U(3)(λ1 j
i) + δU(1)(λ1T ) + δK(λ
a
1K)
[δQ(ǫ), δS (η)] = δD(λD) + δ
M(ǫab2 ) + δ
S (ηi2) + δS U(3)(λ2 j
i) + δU(1)(λ2T ) + δK(λ
a
2K)
[δS (η1), δ
S (η2)] = δK(η¯
i
2γ
aη1i + h.c) (6)
The parameters appearing above are:
ξµ =
1
2
ǫ¯2iγ
µǫi1 + h.c
ǫab1 = −εi jk ǫ¯
i
2ǫ
j
1
T kab + h.c
ǫi3 = −ε
i jk ǫ¯2 jǫ1kΛL
ηi1 = −
1
6
ǫ¯
[i
2
ǫ
k]
1
ζk +
1
16
(
ǫ¯i2γaǫ1 j − δ
i
jǫ¯
k
2γaǫ1k + h, c
)
γaΛLE
j
+
1
48
(
ǫ¯i2γaǫ1 j − δ
i
jǫ¯
k
2γaǫ1k + h, c
)
γaζ j −
1
2
ǫ¯
[i
2
ǫ
j]
1
E jΛR
−
1
16
εi jk(ǫ¯l2γaǫ1k + h.c)γ
aχ jl −
1
4
ε jklǫ¯
j
2
ǫk1χ
il −
1
4
εi jk ǫ¯2 jǫ1k /DΛL
−
1
8
(ǫ¯i2γaǫ1 j − δ
i
jǫ¯
k
2γaǫ1k + h.c)γ · T
jγaΛL
λ1T = −
i
6
εi jk ǫ¯
j
2
ǫk1E
i +
2i
3
(ǫ¯
j
2
γaǫ1 j)Λ¯LγaΛR + h.c
λ1 j
i = −
1
4
ε jpqǫ¯
p
2
ǫ
q
1
Ei −
1
2
(ǫ¯i2γ
aǫ1 j)Λ¯LγaΛR − h.c − trace
4
λa1K =
i
12
(ǫ¯k2γbǫ1k − ǫ¯
k
1γbǫ2k)R˜
ab(A) −
1
6
(ǫ¯i2γbǫ1 j − ǫ¯
i
1γbǫ2 j)R˜
ab(V)i
j
+
1
8
(ǫ¯
[i
2
γ · Tiγµγ · T
j]ǫ1 j − ǫ¯
[i
1
γ · Tiγµγ · T
j]ǫ2 j) −
2
3
εi jkǫ¯2iǫ1 jDbT
ab
k
λD = −
1
2
η¯iǫ
i + h.c
ǫab2 =
1
2
η¯iγ
abǫi + h.c
η2i =
1
4
εi jk ǫ¯
jγaη
kγaΛR
λ2 j
i = ǫ¯iη j − h.c − trace
λ2T =
i
6
ǫ¯iηi + h.c
λa2K = −
1
12
εi jk ǫ¯
iγaγ · T jηk + h.c (7)
Here note that, among the independent fields, only ba transforms under K transformations as δKb
a = λa
K
.
Covriant derivative on the supersymmetry parameter ǫi is defined as,
Dµǫ
i = ∂µǫ
i +
1
4
γ · ωµǫ
i +
1
2
(bµ − iAµ)ǫ
i + Vµ j
iǫ j (8)
Transformation of the dependent gauge fields ωabµ and φ
i
µ is given as follows.
δωabµ =
1
2
ǫ¯iγabφµi − εi jk ǫ¯
iψ
j
µT
abk −
1
2
ǫ¯iγµR(Q)
ab
i +
1
2
η¯iγabψµi + h.c
δcovφ
i
µ =
i
48
(γµγ · R(A) − 3γ · R(A)γµ)ǫ
i +
1
24
(3γ · R(V) j
iγµ − γµγ · R(V) j
i)ǫ j
−
1
8
εi jkΛ¯LγµRab(Q)kγ
abǫ j +
1
8
γ · T [iγµγ · T jǫ
j] +
1
24
εi jk(γµγ · /DT j − 3 /Dγ · T jγµ)ǫk
−
1
12
εi jkγµγ · T jηk (9)
where we have only given the covariant terms in the transformation of φiµ. Transformation of the rest of the
dependent gauge fields, as well as the curvatures can be found by using the techniques given in [22].
We can see from the above that several terms appear here with non zero coefficients which were not
present in the transformation rule of [15] while other terms are corrected to different coefficients. The field
dependent gauge transformation parameters appearing in the soft algebra are also correted.
3. Conclusions
In this letter, we have presented the transformation rule for the N = 3 Weyl multiplet, along with the
field dependent gauge transformation parameters that appear in the soft algebra. We have indicated, by an
example, the inconsistencies that exist in the results of [15]. We would like to emphasize that such errors
propagate by the nature of the current multiplet construction where the linear terms are used to fix the
coefficients of the nonlinear terms. Hence, we hope our reconstruction will be of value for further use of
this multiplet and hence is of interest to the community.
The result opens up the possibility of finding matter coupled N = 3 Poincaré supergravity theories,
which has not been done so far using the superconformal method. In particular, one can use the techniques
of [23] to construct the fully nonlinear action for N = 3 conformal supergravity, which is a work in
progress. Such a construction would then allow construction of higher derivative invariants in N = 3
5
Poincaré supergravity. Another possibility is also the construction of the dilaton Weyl multiplet in N =
3 conformal supergravity by coupling the above multiplet to an on-shell N = 3 vector multiplet and
construction of the Poincaré supergravity invariants by use of the dilaton Weyl multiplet.
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